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(54) THERMOSETTING RESIN COMPOSITION 

(57)Abstract 

PURPOSE: To prepare the title compsn. which is moldable at a low 
temp, and excellent in adhesive properties and gives a cured article 
excellent in the resistance to heat and solvent by compounding a 
polyimide having specific structural units with a polyrnaleimide. 
CONSTITUTION: A polyimide having structural units of formula I 
{wherein Ar is a group of formula II (wherein Z1, Z2 f and Z3 are each 
S02, O. or CO) or a group of formula III [wherein R1, R2, R3, and R4 
are each H, 1-4C alkyl, or alkoxy; and X is CH2, C(CH3)2, O, S02, 
CO, or NHCO]} in a molar ratio of the group of formula II that of 
formula III of (10/90M90/10) is compounded with a polyrnaleimide 
of formula IV (wherein m is an integer of 2 or higher; and R is an m- 
valent 2C or higher group) to give the title compsn., which, because 
of the polyimide compounded, is moldable at a low temp, and 
excellent in adhesive properties and gives a cured article excellent 
in the resistance to heat and solvent 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]** 1 [General formula (I)] 
[Formula 1 ] 




(I) 



[ — however, general formula (I) — inside and Ar - ** 2 (general formula (a)) 
[Formula 2] 




(however, Z 1 , Z 2 , and Z 3 show S0 2 , O, or CO independently among a general formula (a), 
respectively — ) — the basis or ** 3 (general formula (b)) expressed 
[Formula 3] 




(b) 



R 2 R 4 



(However, R 1 , R 2 , R 3 , and R 4 among a general formula (b)) The alkyl group or alkoxy group of 
hydrogen or the carbon numbers 1 -4 is shown independently, respectively, At least two or more 
pieces are an alkyl group or an alkoxy group among these, X CH 2 , C(CH 3 ) 2 , O, S0 2 , CO and 
NHCO — being shown — the polyimide (A) in which the constitutional unit expressed with] 
which shows the basis expressed is included, and the former/latter contains the basis of a 
general formula (a), and a general formula (b) at a rate of 10 / 90 - 90/10 by a mole ratio, and ** 
4 [General formula (II)] 
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[Formula 4] 

/ CH-CO 

(ID 




The thermosetting resin composition containing the polymaleimide (B) expressed with 
[however, general formula (II) Naka and m are two or more integers, and R is a basis of with a 
carbon numbers of two or more m value]. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention shows the characteristic excellent in low-temperature 
shaping, and relates to adhesives, the charge of a laminated material, a molding material, etc. at 
a useful thermosetting resin composition. 
[0002] 

[Description of the Prior Art]The hardened material of the resin composition which adds 
polymaleimide to polyamide acid or polyimide is tough, and it is used for various uses from 
having heat resistance. For example, it is used for manufacture of a printed circuit board and 
prepreg as adhesives and a varnish. Prepreg is further used for production of a printed circuit 
board etc. 

[0003] For example, 4,4 f -diaminodiphenyl ether, the polyamide acid obtained from pyromellitic 
dianhydride, and the thermosetting resin composition containing a bismaleimide compound are 
indicated by USP4,362,826. It is illustrated that carry out stoving of it to substrates, such as 
copper foil, and it is used as them with a hardening film (film supported by the substrate) after 
this constituent carries out flow casting spreading. 

[0004]However, since polyamide acid is used for the resin composition which adds 
bismaleimide to the above polyamide acid, it needs to make polyamide acid it not only to to 
make polymaleimide react at the time of hardening, but imide-ize. For this reason, it is 
necessary to heat in temperature of not less than 300 ** at the time of hardening, and cannot 
apply to heat to a weak substrate. Generating of a void cannot be disregarded though it 
decreases by existence of polymaleimide, since it is generated by condensed water with 
imide-izing of polyamide acid. In order to paste up metallic foils, such as the Kapton film 
(polyimide film) and copper foil, especially when making the above-mentioned constituent 
intervene among these and making it harden, generating of such a void causes a remarkable fall 
of adhesive strength. It is known well among persons skilled in the art that the polyimide 
produced by making USP4,362,826 imide-ize the above-mentioned amic acid of an indication 
is insoluble to an organic solvent and non-**. Polyimide meltable to an organic solvent is not 
concretely illustrated by USP4,362,826. 

[0005]The constituent which adds polymaleimide to the low-molecular-weight polyimide 
which has an amino group in the both ends produced as a constituent containing polyimide and 
polymaleimide by for example making tetracarboxylic dianhydride and superfluous diamine 
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react to USP3,842,143 is indicated. However, when such low-molecular- weight polyimide is 
used, there is no flexibility in the film obtained from the above-mentioned constituent, and it 
cannot be considered as a free-standing film. There is no place which illustrates the constituent 
which is rich in flexibility, and polyimide for it in it, so that a free-standing film is obtained by 
USP3,842,143. 

[0006]To JP,62-301 12, A. The constituent containing the polyimide obtained using 
2,4-diaminotoluene 3,3 f and 4,4'-benzophenone tetracarboxylic dianhydride, a 
bis(4-(3-aminophenoxy) phenyl)sulfone, and if needed and polymaleimide has good film 
formation nature, It is indicated that the adhesive property excellent in this film is shown. It is 
indicated that this polyimide dissolves in the partially aromatic solvent of toluene and m-cresol 
and N.N-dimethylformamide (DMF). However, polyimide of the indication to JP,62-301 12,A 
does not dissolve in the partially aromatic solvent of toluene and DMF. Although the 
above-mentioned constituent can be fused and the adhesive property of 250 ** - 275 ** which 
could fabricate at low temperature comparatively and was excellent is shown, the characteristic 
falls in the molding temperature in 230 ** or less. 

[0007]As mentioned above, in the constituent containing polyimide and polymaleimide, 
polyimide for the thing which showed the characteristic excellent in molding temperature low 
enough and in which film formation nature was excellent, and such a constituent is not 
conventionally known so that clearly. 
[0008] 

[Problem(s) to be Solved by the Invention]In the resin composition containing polyimide and 
polymaleimide, this invention provides what shows the characteristic which was excellent even 
if curing temperature was low by selecting and using especially polyimide new as polyimide. 
[0009]The thermosetting resin composition in this invention is ** 5. [General formula (I)] 
[Formula 5] 




(I) 



[ ~ however, general formula (I) - inside and Ar - ** 6 (general formula (a)) 
[Formula 6] 




(however, Z 1 , Z 2 , and Z 3 show S0 2 , O, or CO independently among a general formula (a), 
respectively --) ~ the basis or ** 7 (general formula (b)) expressed 
[Formula 7] 
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(b) 



(However, R 1 , R 2 , R 3 , and R 4 among a general formula (b)) The alkyl group or alkoxy group of 
hydrogen or the carbon numbers 1-4 is shown independently, respectively, At least two or more 
pieces are an alkyl group or an alkoxy group among these, X CH 2 , C(CH 3 ) 2 , O, S0 2 , CO and 
NHCO - being shown the polyimide (A) which has a constitutional unit expressed with] 
which shows the basis expressed and in which the former/latter contains the basis and general 
formula (b) of a formula (a) at a rate of 10 / 90 - 90/10 by a mole ratio, and ** 8 [General 
formula (II)] 
[Formula 8] 



CH-CO 



C H-C O 




(II) 



The polymaleimide (B) expressed with [general formula (II) Naka and m are two or more 
integers, and R is a basis of with a carbon numbers of two or more m value] is contained. 
[0010]Said polyimide (A) is 3,3* and 4,4*-benzophenone tetracarboxylic dianhydride and ** 9. 
[General formula (III)] 
[Formula 9] 




(III) 



The compound and ** 10 which are expressed with [however, general formula (III) Naka, Z 1 , 
Z , and Z are the same as said general formula (a), and Y shows an amino group or an 
isocyanate group] [General formula (IV)] 
[Formula 10] 




(IV) 



R 2 R * 



The compound expressed with [however, general formula (IV) Naka, R 1 , R 2 , R 3 , R 4 , and X are 
the same as said general formula (b), and Y shows an amino group or an isocyanate group] can 
be made to be able to react, and it can manufacture. 

[0011]In the aforementioned reaction, acid dianhydride other than 3,3' and 4,4-benzophenone 
tetracarboxylic dianhydride may be used together as acid dianhydride in the range which does 
not spoil the purpose of this invention. As such acid dianhydride, pyromellitic dianhydride, 3,3', 
and 4,4'-biphenyl tetracarboxylic dianhydride, 2,2' and 3,3'-biphenyl tetracarboxylic 
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dianhydride, 3,3', and 4,4'-diphenylsuIfone tetracarboxylic dianhydride, 3,3', and 
4,4'-diphenyloxy tetracarboxylic dianhydride, 4, 4' - [2,2,2-trifluoro-l-(trifluoromethyl) 
ethylidene] A screw (1,2-benzene dicarboxylic anhydride), ethylene screw trimellitate 
dianhydride, Catechol screw trimellitate dianhydride, resorcinol screw trimellitate dianhydride, 
Dihydroxybenzene screw trimellitate dianhydride, bisphenol A screw trimellitate dianhydride, 
There are tetrachlorobisphenol A screw trimellitate dianhydride, tetrabromobisphenol A screw 
trimellitate dianhydride, biphenyl screw trimellitate dianhydride, etc. As for these, it is 
preferred to use it at less than 50 mol % to the acid dianhydride whole quantity, and it is 
preferred to use it at less than 30 mol % especially. 

[00 12] As that whose Y is an amino group among the compounds expressed with the above 
mentioned general formula (III), it is a screw. [4-(3-aminophenoxy) phenyl] A sulfone, a screw 
[4-(4-aminophenoxy) phenyl] A sulfone, a screw [4-(3-aminophenoxy) phenyl] Ketone, a screw 
[4-(4-aminophenoxy) phenyl] Ketone, a screw [4-(3-aminophenoxy) phenyl] Ether, a screw 
[4-(4-aminophenoxy) phenyl] Ether, a screw [4-(3-aminobenzoyl) phenyl] A sulfone, a screw 
[4-(4-aminobenzoyl) phenyl] A sulfone, a screw [4-(3-aminobenzoyl) phenyl] Ketone, a screw 
[4-(4-aminobenzoyI) phenyl] Ketone, a screw [4-(3-aminobenzoyl) phenyl] Ether, a screw 
[4-(4-aminobenzoyl) phenyl] Ether, a screw [4-(3-anilino SUHONIRU) phenyl] Ether, a screw 
[4-(4-anilino SUHONIRU) phenyl] Ether, a screw [3-(3-aminophenoxy) phenyl] A sulfone, a 
screw [3-(3-aminophenoxy) phenyl] Ketone, a screw [3-(3-aminophenoxy) phenyl] Ether, a 
screw [3-(3-aminobenzoyl) phenyl] A sulfone, a screw [3-(3-aminobenzoyl) phenyl] Ketone, a 
screw [3-(3-aminobenzoyl) phenyl] Ether, a screw [3-(3-anilino SUHONIRU) phenyl] There 
are ether etc. 

[0013]In the diamine which Y illustrated above as what is an isocyanate group among the 
compounds which are the above mentioned general formula (III) and are expressed, what read 
"amino- with the -isocyanate- and changed it can be illustrated. 

[0014]Y among the compounds expressed with the above mentioned general formula (IV) as 
what is an amino group, 4,4'-diamino-3,3',5,5 , -tetramethyl diphenylmethane, 
4,4 , -diamino-3,3',5,5'-tetraethyl diphenylmethane, 4,4'-diamino-3,3 , ,5,5'-tetra 

n-propyldiphenylmethane, 4,4'-diamino-3,3 , ,5,5 , -tetraisopropyldiphenylmethane, 
4,4 ? -diamino-3,3',5,5 , -tetrabuthyl diphenylmethane, 4,4'-diamino-3,3 , -dimethyI- 

5,5'-diethyldiphenylmethane, 4,4'-diamino-3,3 ? -dimethyl- 5,5'-diisopropyldiphenylmethane, 
4,4 , -diamino-3,3 , -diethyl- 5,5 f -diisopropyldiphenylmethane, 4,4'-diamino-3,5-dimethyl- 
3',5'-diethyldiphenylmethane, 4,4'-diamino-3,5-dimethyl- 3 , ,5 , -diisopropyldiphenylmethane, 
4,4 f -diamino-3,5-diethyl- 3',5-diisopropyldiphenylmethane, 4,4 , -diamino-3,5-diethyl- 
S'^'-dibutyldiphenylmethane, 4,4 , -diamino-3,5-diisopropyl- 3 , ,5 , -dibutyldiphenylmethane, 
4,4 , -diamino-3,3 , -diisopropyl- 5,5'-dibutyldiphenylmethane, 4,4'-diamino-3,3 , -dimethyl- 
S^'-dibutyldiphenylmethane, 4,4 , -diamino-3,3'-diethyl- S^-dibutyldiphenylmethane, 
4,4'-diamino-3,3 , -dimethyldiphenylmethane, 4,4 f -diamino-3,3'-diethyldiphenylmethane, 
4,4 , -diamino-3,3'-JI n-propyldiphenylmethane, 4,4'-diamino-3,3'-diisopropyldiphenylmethane, 
4,4 , -diamino-3,3 ? -dibutyldiphenylmethane, 4,4'-diamino-3,3',5-trimethyl diphenylmethane, 
4,4 , -diamino-3,3 , ,5-triethyldiphenylmethane, 4,4 , -diamino-3,3 , ,5-Tori n-propyldiphenylmethane, 
4,4 , -diamino-3,3 , ,5-triisopropyl diphenylmethane, 4,4'-diamino-3,3',5-tributyldiphenylmethane, 
4,4 , -diamino-3-methyl-3 , -ethyldiphenylmethane, 
4,4 , -diamino-3-methyl-3 , -isopropyldiphenylmethane, 
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4,4'-diamino-3-ethyl-3'-isopropyldiphenylmethane, 
4,4'-diamino-3-ethyl-3'-butyldiphenylmethane, 

4,4'-diamino-3-isopropyl-3'-butyldiphenylmethane, 4,4'-diamino-2,2 , -bis(3 5 3 , ,5 5 5 , -tetramethyl 
diphenyl)isopropane, 4,4'-diamino-2,2'-bis(3,3',5,5'-tetraethyl diphenyI)isopropane, 

4,4'-diamino-2,2'-bis(3,3',5,5'-tetra n-propyldiphenyl)isopropane, 
4 5 4'-diamino-2,2*-bis(3,3 , ,5,5'-tetraisopropyldiphenyl)isopropane 5 

4,4'-diamino-2,2 , -bis(3 5 3' ) 5 5 5'-tetrabuthyl diphenyl)isopropane, 
4,4'-diamino-3,3',5,5'-tetramethyI diphenyl ether, 4,4'-diamino-3,3',5,5'-tetraethyl diphenyl ether, 
4,4'-diamino-3,3',5,5'-tetra n-propyldiphenyl ether, 4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyl 
ether, 4,4'-diamino-3,3',5,5'-tetrabuthyl diphenyl ether, The 4,4 t -diamino- 3, 3, and 5, 
5'-tetramethyl diphenylsulfone, The 4,4'-diamino- 3, 3, and 5, 5'-tetraethyl diphenylsulfone, 
4,4'-diamino-3,3 , ,5,5'-tetra n-propyl diphenylsulfone, 4,4'-diamino-3,3',5,5'-tetraisopropyl 
diphenylsulfone, The 4,4-diamino- 3, 3, and 5, 5'-tetrabuthyl diphenylsulfone, 
4,4'-diamino-3,3',5,5'-tetramethyl diphenyl ketone, 4,4'-diamino-3,3',5,5 -tetraethyl diphenyl 
ketone, 4,4'-diamino-3,3',5,5'-tetra n-propyldiphenyl ketone, 

4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyI ketone, 4,4'-diamino-3,3',5,5'-tetrabuthyl diphenyl 
ketone, a 4,4'-diamino-3,3',5,5'-tetramethyl benzanilide, A 4,4'-diamino-3,3',5,5'-tetraethyl 
benzanilide, There are a 4,4'-diamino-3,3',5,5'-tetra n-propylbenzanilide, a 
M'-diamino-S^'^^'-tetraisopropylbenzanilide, a 4,4'-diamino-3,3',5,5'-tetrabuthyl benzanilide, 
etc. 

[0015]In the diamine which Y illustrated above as what is an isocyanate group among the 
compounds which are the above mentioned general formula (IV) and are expressed, what read 
-amino- with the "isocyanate- and changed it can be illustrated. 

[0016]In this invention, diamine or diisocyanate other than the compound expressed with the 
compound or general formula (IV) expressed with general formula (III) as a partner of the 
reaction of acid dianhydride may be used in the range which does not spoil the purpose of this 
invention. As for such diamine or diisocyanate, it is preferred to use it at less than 30 mol % to 
the total amount of the partner of the reaction of acid dianhydride. As such diamine, 
diaminodiphenylmethane, diamino diphenyl ether, Diamino diphenyl ketone, 
diaminodiphenylpropane, a phenylenediamine, Toluenediamine, a diamino diphenyl sulfide, 
diaminodiphenylhexafluoropropane, Diamino dialkyl diphenylmethane, 

bis(anilinoisopropylidene)benzene, bis(aminophenoxy)benzene, bis(aminophenoxy 

phenyl)propane, bis(aminophenoxy phenyl)hexafluoropropane, a 4,4 , -screw [3-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Diphenylsulfone, a 4,4 f -screw [3-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Benzophenone, a 4,4'-screw [4-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Diphenylsulfone, a 4,4'-screw [4-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Benzophenone, 4 - [3-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] -4' - [4-(4-amino- alpha, alpha'-dimethylbenzyl) phenoxy] 
Diphenylsulfone, 4 - [3-(4-amino- alpha, alpha'-dimethylbenzyl) phenoxy] -4' - [The 4-amino- 
alpha, alpha'-dimethylbenzyl phenoxy] Benzophenone, a 4,4'-screw [3-(3-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Diphenylsulfone, a 4,4'-screw [3-(3-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Benzophenone, a 4,4'-screw [2-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Diphenylsulfone, a 4,4'-screw [2-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Benzophenone, a 3,3'-screw [3-(4-amino- alpha, 
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alpha-dimethylbenzyl) phenoxy] Diphenylsulfone, a 3,3'-screw [3-(4-amino- alpha, 
alpha'-dimethylbenzyl) phenoxy] Benzophenone etc. may be used together and they are 
diphenylmethane diisocyanate, toluylene diisocyanate, and a 4,4'-screw as diisocyanate. 
[3-(4-isocyanate alpha, alpha'-dimethylbenzyl) phenoxy] Diphenyl ketone, a 4,4 ? -screw 
[3-(4-isocyanate alpha, alpha f -dimethylbenzyl) phenoxy] Diphenylsulfone etc. may use together 
what replaced the amino group with the isocyanate group in the above-mentioned diamine. 
[00 17] As for the compound expressed with general formula (III), and the compound expressed 
with general formula (IV), it is preferred to use it so that the former/latter may be set to 10 / 90 - 
90/10 by a mole ratio. When this ratio is too small, it is in the tendency for the solubility over a 
solvent to fall, and when too large, there is a tendency for the solvent resistance of a hardened 
material to fall. As for the above-mentioned ratio, it is preferred that it is especially 90 / 10 - 
50/50. 

[0018]In this invention, polyimide (A) can be manufactured as follows. When using diamine as 
a partner of the reaction of acid dianhydride, acid dianhydride and diamine The inside of an 
organic solvent, Not less than 100 ** is preferably heated at not less than 180 ** under 
existence of catalysts, such as tributylamine, triethylamine, and phosphorous acid triphenyl, if 
needed, How (a catalyst) to make even imide-ization perform and to obtain polyimide directly . 
It is preferred to use it zero to 1 5% of the weight to the total amount of a reaction component, 
and it is preferred to use it 0.01 to 15% of the weight especially. Make acid dianhydride and 
diamine react at less than 100 ** among an organic solvent, and the varnish of the polyamide 
acid which is a precursor of polyimide is once manufactured, Heat this varnish and whether it 
imide-izes Then, an acetic anhydride, a propionic anhydride, Ring closure agents, such as 
carbodiimide compounds, such as acid anhydrides, such as a benzoic anhydride, and 
dicyclohexylcarbodiimide, There are the method (as for a ring closure agent and a ring closure 
catalyst, it is preferred respectively to use it within the limits of 1-8 mol to 1 mol of acid 
anhydrides) of adding and carrying out the chemicals ring closure (imide-izing) of the ring 
closure catalysts, such as pyridine, an isoquinoline, trimethylamine, aminopyridine, and 
imidazole, if needed, etc. 

[00 19] As said organic solvent, N-methyl-pyrrolidone, N,N-dimethylacetamide, 
N.N-dimethylformamide, dimethyl sulfoxide, sulfolane, Phenol system solvents, such as aprotic 
polar solvents, such as hexamethylphosphoric triamide and 1,3-dimethyl- 2-imidazolidone, 
phenol, cresol, a xylenol, and p-KURORU phenol, etc. are mentioned. 

[0020] .As a solvent. ** benzene, toluene, xylene, methyl ethyl ketone, acetone, a 
tetrahydrofiiran, dioxane, mono- glyme, a jig lime, methyl cellosolve, a cellosolve acetate, 
methanol, ethanol, isopropanol, a methylene chloride, chloroform, trichlene, In the range which 
does not spoil solubility, what may use what dissolves a raw material monomer and polyimide, 
or polyamide acid among tetrachloroethanes etc., and does not dissolve these can be mixed with 
other solvents, and can be used. 

[0021]Solid phase reaction, the melting reaction in 300 ** or less, etc. can be used by a case 
when manufacturing the polyamide acid which is the above mentioned polyimide and its 
precursor. 

[0022] When using diisocyanate as a partner of the reaction of acid dianhydride, it can carry out 
according to the method of obtaining the above mentioned polyimide directly. However, if 
especially reaction temperature is not less than 60 **, it is [ beyond room temperature ] enough. 
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[0023]although using by equimolar mostly is preferred in this invention as for the partner of 
acid dianhydride and its reaction — one of excessive amounts — 10-mol % - 5-mol % is 
permitted especially preferably. 

[0024]As an example of the above-mentioned polymaleimide (B), N^N'^^'-diphenylmethane) 
bismaleimide, N,N'-(4,4'-diphenyloxy) bismaleimide, N, and N'-p-phenylene bis maleimide, 
N,N'-m-phenylene bis maleimide, N,N'-2,4-tolylene bismaleimide, N,N'-2,6-tolylene 
bismaleimide, N,N'-ethylene bismaleimide, N, TNT - [4, 4' 
[2,2 t -bis(4,4'-phenoxyphenyl)isopropylidene] ]Bismaleimide, N, N' - [4, 4' 
[2,2 , -bis(4,4'-phenoxyphenyl)hexafluoro isopropylidene] ]Bismaleimide 5 N,N ? -hexamethylene 
bismaleimide, N, N' - [4,4M)is(3,5-dimethylphenyl)methane] Bismaleimide, N, N' - 
[4,4'-bis(3,5-diethylphenyl)methane] Bismaleimide, N, N' - [4,4'-(3-methyl-5-ethylphenyl) 
methane] Bismaleimide, N, N' - [4,4'-bis(3,5-diisopropylphenyl)methane] It is single, or there 
are bismaleimide and a compound expressed with the following-izing 1 1 - the-izing 16, and it is 
used by two or more sorts, mixing. 
[Formula 1 1] 
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[Formula 1 5] 




o = c c = o 



[Formula 16] 




(r shows an integer among a formula) 

[0025]AIthough the mixing ratio of polyimide (A) and polymaleimide (B) is suitably 
determined according to the purpose, it is preferred to use polymaleimide (B) by 5 - 180 weight 
section to polyimide (A) 100 weight section. A resin composition will become weak if too large 
[ if there is too little polymaleimide (B), hardening is not enough, and ]. It is preferred 
especially to use polymaleimide (B) at a rate of 100 or less weight sections to polyimide (A) 
100 weight section in that flexibility is made to hold enough, when manufacturing a 
free-standing film especially. 

[0026]The resin composition in this invention can obtain the molded product in which the heat 
resistance etc. which fabricated at a temperature (temperature still lower than 230 **) lower 
than 275 **, and were excellent in it are shown. In order to fabricate at low temperature more, 
t-butyl par benzoate, t-butyl hydro-peroxide, Benzoyl peroxide, the 2,5-dimethyl- 
2,5-di-tert-butyl peroxide hexyne- 3, JIKUMIRU peroxide, It is preferred to blend radical 
polymerization initiators, such as organic peroxide, such as t-butyl cumyl peroxide, alpha, and 
alpha'-bis(tert-butyl peroxide m-isopropyl)benzene, and it can fabricate at around 200 **. As 
for a radical polymerization initiator, it is preferred to use 0.1 to 10% of the weight to the total 
amount of polyimide (A) and polymaleimide (B). 

[0027]What was powdered to polyimide (A) and a polymaleimide (B) pan, and mixed the 
radical polymerization initiator to them if needed may be sufficient as the resin composition in 
this invention, and its ****** is also good what dissolved these in the organic solvent (varnish). 
As an organic solvent which can be used at this time, N.N-dimethylformamide, In addition to 
aprotic polar solvents, such as N-methyl pyrrolidone, there is low boilers, such as aromatic 
solvents, such as chlorinated solvents, such as ethers solvents, such as dioxane, a 
tetrahydrofuran, a jig lime, and mono- glyme, and a methylene chloride, and toluene, or a polar 
small organic solvent. 

[0028]In the resin composition in this invention, a bisphenol A type epoxy resin, Bisphenol 
type epoxy resin, such as bisphenol F type epoxy resin, Cresol novolak type epoxy resin, phenol 
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novolak type epoxy resin, Novolak type epoxy resin, such as bisphenol A novolak type epoxy 
resin, Epoxy resins, such as a polyhydric alcohol type epoxy resin and cycloaliphatic epoxy 
resin, The hardening accelerator of epoxy resins, such as a hardening agent of epoxy resins, 
such as dicyandiamide, polyhydric phenol, amines, and an acid anhydride, the third class amine, 
imidazole derivatives, MASUKUDO imidazole derivatives, and boron trifluoride complexes, 
etc. may be mixed. If an epoxy resin is mixed and used, it will become possible to fabricate at 
low temperature more. 

[0029]After flow casting and desiccation, heat cure of the resin composition in this invention 
can be carried out to a glass plate, a stainless plate, etc., and it can be used as them with a 
hardening film. This film is useful to an insulating film, the base film for laminate sheets, etc. 
[0030]This very thing can be used for the resin composition in this invention as adhesives. 
These adhesives are torn off, after using by the shape of a varnish, and casting a varnish into a 
glass plate, a stainless plate, etc. and drying, they are rich in flexibility excluding a substrate, 
and after making it the film glue (free-standing film glue) which has not been hardened, they 
can be used. Although such adhesives can be used for a various application, they are useful 
especially as adhesives for pasting together metallic foils, such as core materials, such as plastic 
films, such as metal plates, such as an aluminum plate, and a polyimide film, copper foil, and 
aluminum foil, and manufacturing a metal tension laminate sheet. These adhesives show the 
adhesive strength which was excellent in curing temperature with comparatively low heating. 
[0031]It can impregnate and dry to substrates, such as a woven glass fabric and carbon crossing, 
and the resin composition in varnish-like this invention can also be used as prepreg. 
[0032]On the occasion of the above-mentioned film glue and manufacture of prepreg, drying 
temperature and time change with kinds of the solvent to be used and polymaleimide. Although 
the polymerization of polymaleimide needs to keep temperature lower than the temperature 
which becomes remarkable, since a low boiler or polarity can dissolve in the organic solvent 
which volatilizes easily small, the resin composition of this invention can be dried at a lower 
temperature. Even if the radical initiator exists at this time, a polymerization reaction can be 
suppressed and it can dry easily. As for time, it is preferred to make it the amount of residual 
solvents be 5 or less % of the weight. 

[0033]The resin composition in this invention can also be used as a molding material, while it 
has been powdered. Although curing temperature changes with kinds of polymaleimide, a tough 
heat-resistant molded product is obtained by carrying out heat cure of these. 
[0034] 

[Example]Hereafter, although an example explains this invention in detail, this invention is not 
limited to these ranges. First, the synthetic example of the polyimide used in this invention is 
shown. 

[0035]They are 0.55 g (1.5 millimol) of 4,4'-diamino-3,3' and 
5,5-tetraisopropyldiphenylmethane (IPDDM), and a screw to 4 mouth flask provided with 
synthetic example 1 agitator, the thermometer, the nitrogen gas introducing pipe, and the 
calcium chloride tube. [4-(3-aminophenoxy) phenyl] 3.67g (8.5 millimol) of sulfones 
(m-APPS) and 29.8 g of N.N-dimethylformamide (DMF) were put in, and it dissolved. Next, 
after adding 3.22 g (10.0 millimol) of 3,3' and 4,4'-benzophenone tetracarboxylic dianhydride 
(BTDA) little by little, cooling so that 5 ** may not be exceeded, Cooling so that 5 ** may not 
be exceeded, ranked second, it was made to react at a room temperature for 6 hours for 1 hour, 
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and polyamide acid was compounded. Added the acetic anhydride 2.55g and 1.98 g of pyridine 
to the varnish of the obtained polyamide acid, it was made to react at a room temperature for 3 
hours, and polyimide was compounded. The precipitate produced by filling water with the 
varnish of the obtained polyimide was separated, and it ground, dried, and polyimide powder 
was obtained. 

[0036]Reduced viscosity was 1.07 dl/g, when this polyimide powder was dissolved in DMF by 
the concentration of 0. 1 g/dl and being measured at 30 **. 

[0037]The soluble examination was done by adding this polyimide powder so that it may 
become 5% of the weight of concentration to various organic solvents, and observing a solution 
state at a room temperature. As a result, it was [ polyimide powder / this ] meltable to 1/1 
(weight ratio) of mixed solvents in DMF, N-methyl pyrrol idone (NMP), 
N,N-dimethylacetamide (DMAc), and DMF/toluene. 

[0038]Except changing the amount of 0.13g (3.5 millimol) and m-APPS used into 0.28 g (6.5 
millimol) for the amount of synthetic example 2IPDDM used, polyimide powder was obtained 
according to the synthetic example 1, and measurement of reduced viscosity and a soluble 
examination were done according to the synthetic example 1 using this polyimide powder. As a 
result, the obtained polyimide powder had reduced viscosity 0.78 dl/g, and it was [ polyimide 
powder ] meltable to 1/1 (weight ratio) of mixed solvents in DMF, dioxane, a methylene 
chloride, and DMF/toluene. 

[0039]The synthetic example 3 (comparative example) 

According to the synthetic example 1, polyimide powder was obtained except using m-APPS 
4.32g (10.0 millimol) instead of using IPDDM0.55g and m-APPS 3.67g. As a result of doing a 
soluble examination according to the synthetic example 1 using this polyimide powder, as for 
the obtained polyimide powder, DMF, DMF / toluene hardly dissolved in 1/1 (weight ratio) of 
mixed solvents. 

[0040]The synthetic example 4 (comparative example) 

According to the synthetic example 1, polyimide powder was obtained except using 
IPDDM3.66g (10.0 millimol) instead of using IPDDM0.55g and m-APPS 3.67g. According to 
the synthetic example 1, measurement of reduced viscosity and a soluble examination were 
done using this polyimide powder. As a result, the obtained polyimide powder had reduced 
viscosity 0.48 dl/g, and it was [ polyimide powder ] meltable to 1/1 (weight ratio) of mixed 
solvents in DMF, NMP, DMAc, dioxane, a methylene chloride, a tetrahydrofiiran, and 
DMF/toluene. 

[0041]The synthetic example 5 (comparative example) 

m-APPS 2.16g (5.0 millimol), 0.61g (5.0 millimol) of meta-toluylenediamine, and DMF24.0g 
were put into 4 mouth flask provided with the agitator, the thermometer, the nitrogen gas 
introducing pipe, and the calcium chloride tube, and it dissolved in it. Next, after adding bottom 
BTDAof ice-cool ing3.22g (10.0 millimol) little by little, cooling so that 5 ** may not be 
exceeded, it was made to react for 5 hours and polyamide acid was compounded. Added the 
acetic anhydride 2.55g and 1.98 g of pyridine to the varnish of the obtained polyamide acid, it 
was made to react at a room temperature for 3 hours, and polyimide was compounded. The 
precipitate produced by filling water with the varnish of the obtained polyimide was separated, 
and it ground, dried, and polyimide powder was obtained. 

[0042] According to the synthetic example 1, measurement of reduced viscosity and a soluble 
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examination were done using this polyimide powder. As a result, although the obtained 
polyimide powder had reduced viscosity 0.72 dl/g and it was meltable to DMF, it was insoluble 
to 1/1 (weight ratio) of mixed solvents in DMF/toluene. 

[0043]The polyimide powder lOOg and 50 g of N,N'-(4,4'-diphenylmethane) bismaleimide 
(BMI) which were obtained in the example 1 of example 1 composition were dissolved in the 
mixed solvent of DMF200g and 200 g of toluene, 3 g of JIKUMIRU peroxide was added, and 
the resin composition (varnish) was obtained. It tore off and the film was obtained, after casting 
this resin composition on the glass plate and drying at 100 ** for 10 minutes. The well dry 
unhardened film glue was obtained by stopping this film to an iron frame and heating it for 30 
minutes at 150 more **. This film glue was 25 micrometers in thickness, and 143 ** of 
softening temperatures, and even if bent at the angle of 180 degrees, it showed the flexibility 
which divided and was excellent. 

[0044]When this film glue was heated for 1 hour and stiffened at 200 **, the obtained 
hardening films were 230 ** of glass transition points. Although this hardening film was 
immersed in the methylene chloride for 30 minutes at the room temperature, it was changeless 
in appearance. 

[0045]On both sides of the above-mentioned film glue, it pressed on 200 **, 30 kg/cm 2 , and the 
conditions of 1 hour between 35-micrometer thickness one side roughening copper foil of two 
sheets, and the substrate for flexible printed wiring boards was obtained. The 90-degree copper 
foil peel strength of this substrate was 1.2 Kgf/cm in 1.4 Kgf/cm and 200 ** atmosphere in 
room temperature atmosphere (when it measures by a part for 50-mm/in tension speed in any 
case). It swelled, even if this substrate was immersed in a 300 ** solder bath for 60 seconds, 
and exfoliation was not produced. 

[0046]They are N and N* instead of example 2BMI. - [4, 4' - [2,2'-screw [(4,4'-phenoxyphenyl) 
Isopropylidene] ] According to Example 1, film glue was obtained except adding 30 g of 
bismaleimide (BBMI). The obtained film glue is what was 25 micrometers in thickness, and 150 
** of softening temperatures, did not break even if bent at 180 degrees, but was excellent in 
flexibility, and is ******. 

[0047] When this film glue was heated for 1 hour and stiffened at 200 **, the obtained 
hardening films were 220 ** of glass transition points. 

[0048] According to Example 1, the substrate for flexible printed wiring boards was obtained 
using the above-mentioned film glue. The 90-degree copper foil peel strength of this substrate 
was 0.7 Kgf/cm in 0.8 Kgf/cm and 200 ** atmosphere in room temperature atmosphere (when 
it measures by a part for 50-mm/in tension speed in any case). It swelled, even if this substrate 
was immersed in a 300 ** solder bath for 60 seconds, and exfoliation was not produced. 
[0049]The polyimide powder lOOg and BMI 30g which was obtained in the example 2 of 
example 3 composition were dissolved in the mixed solvent of DMF200g and 200 g of toluene, 
3 g of JIKUMIRU peroxide was added, and the resin composition (varnish) was obtained. 
According to Example 1, film glue was obtained using this resin composition. The obtained 
film glue is what was 25 micrometers in thickness, and 155 ** of softening temperatures, did 
not break even if bent at 180 degrees, but was excellent in flexibility, and is ******. 
[0050]When this film glue was heated for 1 hour and stiffened at 230 **, the obtained 
hardening films were 230 ** of glass transition points. Although this hardening film was 
immersed in the methylene chloride for 30 minutes at the room temperature, it was changeless 
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in appearance. 

[0051]According to Example 1, film glue was obtained except changing the amount of example 
4BMI used into 10 g from 50g. The obtained film glue is what was 25 micrometers in thickness, 
and 175 ** of softening temperatures, did not break even if bent at 180 degrees, but was 
excellent in flexibility, and is ******. 

[0052] When this film glue was heated for 1 hour and stiffened at 200 **, the obtained 
hardening films were 202 ** of glass transition points. Although this hardening film was 
immersed in the methylene chloride for 30 minutes at the room temperature, it was changeless 
in appearance. 

[0053]On both sides of the above-mentioned film glue, it pressed on 230 **, 30 kg/cm 2 , and the 
conditions of 1 hour between 35-micrometer thickness one side roughening copper foil of two 
sheets, and the substrate for flexible printed wiring boards was obtained. The 90-degree copper 
foil peel strength of this substrate was 0.7 Kgf/cm in room temperature atmosphere (when it 
measures by a part for 50-mm/in tension speed). It swelled, even if this substrate was immersed 
in a 300 ** solder bath for 60 seconds, and exfoliation was not produced. 

[0054]The polyimide powder lOOg and BMI 30g which was obtained in the example 4 of 
comparative example 1 composition were dissolved in the mixed solvent of DMF200g and 200 
g of toluene, 3 g of JIKUMIRU peroxide was added, and the resin composition (varnish) was 
obtained. According to Example 1, film glue was obtained using this resin composition. The 
obtained film glue was 25 micrometers in thickness, and 320 ** of softening temperatures. 
[0055] After heating this film glue for 1 hour and stiffening it at 230 **, when it was immersed 
in the methylene chloride for 30 minutes at the room temperature, it almost dissolved. When the 
above-mentioned film glue was bent at 180 degrees, the crack entered. 

[005 6] Although it was going to press on 230 **, 30 kg/cm 2 , and the conditions of 1 hour on 
both sides of the above-mentioned film glue between 35-micrometer thickness one side 
roughening copper foil of two sheets and was going to obtain the substrate for flexible printed 
wiring boards, it was not able to paste up and the substrate for flexible printed wiring boards 
was not able to be obtained. 

[0057]The polyimide powder lOOg and BMI lOg which was obtained in the example 5 of 
comparative example 2 composition were dissolved in DMF400g, and the resin composition 
(varnish) was obtained. It tore off and the film was obtained, after casting this resin 
composition on the glass plate and drying at 100 ** for 10 minutes. The well dry unhardened 
film glue was obtained by stopping this film to an iron frame and heating it for 30 minutes 180 
** for 30 minutes at 150 more **. The softening temperature of this film glue is 230 **. 
Even if bent at the angle of 180 degrees, the flexibility which divided and was excellent was 
shown. 

[0058]It was not able to paste up, although pressed on 30 kg/cm 2 , 200 **, and the conditions of 
1 hour on both sides of the above-mentioned film glue between 35-micrometer thickness one 
side roughening copper foil of two sheets. 3 g of JIKUMIRU peroxide was dissolved in the 
above-mentioned resin composition, and film glue was created like the above, and although 
pressed on 30 kg/cm 2 , 200 **, and the conditions of 1 hour on both sides of this between 
35-micrometer thickness one side roughening copper foil of two sheets, it was not able to paste 
up. 
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[0059] 

[Effect of the Invention]Low-temperature shaping is possible for the thermosetting resin 
composition in claim 1, it excels in an adhesive property, and the hardened material is excellent 
in heat resistance and solvent resistance. 

*************** 
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i-^^X 4, 4' -V75/-3, 
□ e;U-3' , 5' -y^Uy7iz;M$> % 4, 
4* -v^75/-3, 3' -y>fV^Pejl/-5, 5' 
-v^Hy7ii;i/^X 4, 4' -^75/- 
3, 3' -v>^JU-5, 5' -v^y7i>il/> 
£ 4. 4' - v7 5 / - 3, 3' -yIfJl/-5, 
5' -y^y7ixj^^x 4, 4' -v75/ 
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-3, 3' -vyfJl/y7HJl/^X 4, 4' -v 
7S/-3, 3' -ylf^v7i-iM £ 4, 
4' -v75y-3, 3' -vn-^D t°;Uv^x -)\, 
4, 4' -v7$/-3, 3* -y^V^Dt' 
JUv^x ~;b/ £ 4, 4* -v7^-3, 3* - 
v?fJl/v7iz;M^> % 4, 4' -V75/-3, 
3' . 5-h'J>f;i/v7xz;^^> % 4, 4' 
75/-3. 3' , 5-hUXf^i;7x-Juy^> % 
4, 4' -v7$y-3, 3* , 5- h'J n-?Pt*;i/ 
V^x £ > x 4, 4' -y7^ -3, 3' , 5 
-SU^v^nejI/y^i-W^X 4, 4' ->7 
5/ -3, 3' , 5- h U -;uy $ > v 

4, 4' 5 y-3-^^ju-3 f -ifii/y^i 

£ > x 4, 4* -v75/-3->f^-3' - 
-f V^Ptf;Uv^x-JU>^> % 4, 4' -y7 = y- 

3-x^;u-3' v^p e;u^^x-juy 

4, 4' -y7$y-3-lW-3' -^fJby^i 
9 4. 4' -y75y-3--fV^P e;u- 
3* -^y7i-;M^>, 4. 4' -y75/- 

2, 2' -t*X (3. 3' , 5, 5' -^r h7^fil^y 

^fV^P/^ 4. 4' -V75/-2, 
2* -t*X (3, 3* , 5, 5' -f h7XfJl/y7i 
-;u) -fV^P/^X 4, 4' -vTSy-2, 2' - 
£X (3, 3* , 5, 5' — T" n trJUv^x 
-JU) <V^P/^X 4, 4* -y75/-2, 2' - 
(3. 3' , 5. 5' -f h7-fV7°P tfjUv^x 
—AO >TV?P/^, 4, 4' -y75y-2, 2' - 
t'X (3, 3' , 5. 5' — "T" h7^y7i-Jl/) 

Vy*Dy^>, 4. 4' -V75/-3, 3* . 5, 
5' -f h 7 ^ f ^ v7 x z;n-f JU, 4, 4' -i> 
3' , 5. 5' — r h^X^JU^x "jU 
X—t^K 4, 4' -y75/-3, 3' , 5. 5' - 
f h^n-^P^l/y^i-W-fJk 4, 4 ? -i> 
7S/-3, 3' . 5, 5' h^-f V7°Pt>y7 

x"JbX-f;k 4. 4' -v7Sy~3, 3 ' . 5, 
5' --x h7^fJky7i-W-fJk 4, 4' -5? 
7S/-3, 3* . 5, 5' -f h7>f^y7i3 
X;U*>. 4, 4' -y75y-3 t 3' , 5. 5' - 

-f- h^x^;u^^x -;ux;u7t-x> % 4, 4* -y7$/ 

-3. 3' . 5. 5' -f h^n-^afjl/y^iijl/ 
X;U*>, 4, 4' -y75/-3, 3' . 5, 5' - 

f h7-<v^p e;u^^x -;ux;U7fx> N 4. 4' - v 

7S/-3. 3' , 5, 5' T" K^^fJky^x-^ 
X;U*>, 4, 4' -y7S/-3, 3' , 5. 5* - 
f K7^fiUv7x-J^h>, 4, 4' -v75/- 

3, 3' , 5, 5' -fh7Wy7x-^hX 

4, 4' -y7Sy-3, 3' , 5. 5' -f h7n- 
^□t>y7xz^h>, 4, 4* -y7?y-3, 
3* , 5, 5' -fh7^V>*Pt>v7xi:jU>rh 

4. 4* -y75/-3, 3* , 5. 5' —=r V=y 



^fjl/y^xZ^hX 4, 4' ~y7?y-3, 
3* , 5, 5' --x h7^fJU^>X7-U h\ 4, 
4' -v7 = /-3, 3' , 5, 5' -f h7lfM 
>X7-'Jh\ 4, 4' -y75;-3, 3' , 5, 
5' h7n-^Pt e M>X7-'J h\ 4, 4* ~ 

y7 = /~3, 3' . 5, 5' — t h7^V7°Pt 0 M 
>X7-'J h\ 4. 4' -y75y-3, 3' . 5. 
5' -7- h7^M>X7-'J KW*<ft4 0 

[0015] ttELfc-ma (iv) -ea**L*fc&«ia> 

<tLTI*. -fiSxt (III) T«t>**tftfcft»XI*-« 

a (iv) -cstp**L*<b*«uana>i?7 5>xi±5?-f v 

v7^-KS*^0@^$IWci:L«ir^Lt 
i«fcl^o Z<&£5&^7 5>Xliv^ Vv7^- hi*. 
^-^*^(OJ5J^o)ffl¥(7)^a:lz>?f lt 3 o ^e;u%^jtf 

I*. y7 5/y7ixJb^X y7 5;y^i-JH 
— t^U. v7 5 / y7X"j^ h>. y7S/y7xr 
;i/y*P^X 7i-b>y7S>, K;Ux>v?7S>. 
y7 5 J v^x ~ ;ux;U^>T h\ y7Syy7i3A 
+i^^;U^-P^P/<>. y75/ y7W;i/y7ix^ 
/£>. ex (7-'J/>fV7 0 Pt 0| Jf» 
ex (75/7i;+y) ^>-tf>. ex (7^7i 
/*->:7xx;u) ^P/<> % ex (7 = / 7i;+y7 
x ^-y-^^yJ-P^P/^V. 4, 4' -ex [3 

- (4-rsy-a. a ' -i^^JU^ryvJU) 7iy 
+y) v^x~;ux;Ut^>. 4, 4' -ex [3- (4 

-T^y -Of, Of' -yVfil/K>y» 7xy+y] 
^>V*7Xyy % 4, 4' -ex [4- (4-75/- 
ar. Of' -v^fj^^^) 7i;^y) y7I-Jl, 

x;u*>. 4, 4' -ex [4- (4-75/ -a, 
af' -y^fM^vJl/) 7i;^y] Kyy*7iy 

4- [3- (4-7^-ff, Qf' -yj/fM> 
v;U) ^x/^v] -4' - [4- (4-7 = /-ar, 
a' -i>* ^U'OvJlO 7iy^y) y7i-ib7Jl/ 
4- [3- (4-75/-a, or' -v^^;U^< 
7i/+y] -4' - [4-7 = ;- ff, or' 
-ist+IWOisM 7i/JFy) K>^37xy>. 
4. 4' -ex C3 - (3-7Sy-ff, Of' -yVf 
JU'OvJU) 7l/+y) y7xz.jUXJl/*>, 4, 

4' -ex [3- (3-7^y-a, or' -v>^;u^ 
>v;u) 71/^y) k>*;7i;x 4, 4' -ex 

[2- (4-75/-ar, or' -yV^U^>yJU) 7 
xy+y) y7X"jl,x;^>, 4. 4' ~ex [2- 
(4-75/ -a, or' -v/^;u^c>i;;u) 7i;^f 

v] ^>y7xy > % 3, 3' -ex C3- (4-75 
/-or. or' -v^JU'Oi^U) 7i;+y] isZPT. 
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xjux;u*>. 3. 3' -ex [3- (4-rsy- 
of, or' -v>^;u^<>v;u) 7iy*v] 'Oi/^x 
>>^£0fffiLTtcfc<. v^Vi/7t-HtLttt, 

v7t-h, 4, 4' [3- (4--fVi/7t- 

I — or, or' -y^fM>^) 7i;^>] v?x 
-JU^h>, 4, 4' -t*X [3- (4 r Vv7t- 

h-or, a' -v>fM>vil/) i*:7X 
x;ux;l*>^ -tOflfe.tfBvT' 5 >lcfcl^t7 S/I 
HVv7t- h»lcft*fct<D»£#JBLT*J:l\, 

[0 0 17] -*« (III) -cat?S*t4fc**t-« 
S (IV) -ea*3*ti«<b**i*. Iu#/^#^^;ujtr* 

1 0/90-90/1 oiztt4cfc3l-«ffl"r*(OA<»* 
Ll* 0 C0>Jta&«/h4-r*f*4:»«il=»-*-*»»tt*««T 

.t*4«RlA<fc4 0 ±E(Dltl*. 9 0/1 0-50/50 

[0 0 1 8] **WICJ31XT. tK'J^ = K (A) li. 

7 5>*«*Jlt, tfWlCJttT KU^;U7 5>, 

STs 100°CJU±. »*L<I*1 80^ja±lC»]!»L 

(flMKtt* fiJEffi»(D8II:»LtO-1 511% 
ttffl-r*0)A<»*L<. WICO. 0 1 -1 5ll%ffiffl 
LI*) . i-**»Stf975>**«» 

oo^atjjsjcs-frT/Ku-r s Ka>fflnef*-e& 

4#'J73 KK<X>^-X$l*OfcA/«j£L. Z 

v;u±uu7tM;>r a K*a>*;u/Ky-r 5 Rb«iMia>BH« 

75x 75yt°uvx -<5 4ry-;u*a>Ha*ii* 
JBJPLTft^BBa MSKft) *i±i)*5i (BHMU&tf 

^JKDttHrtTttffl-r*0)/)<»*Lt*) ^*<fc£ 0 
[0 0 1 9] «HE*«»JWfcLTf*. N-yf^-lfP 
■J K>, N. N-v^^;U7-tzK75h\ N , N-ix^ 

^Wf^'J>Bh'J75h\ 1. 3-v^^JU 
-2— f 5^/'J K>»©#^P h>14«tt>g«L Z7X 

[0020] *fc, ?gj«<t LT!i^>-tf>, h;ux>, 
^>l/>, >^;ux^;u>7- h>. T-tz h>, f hit K 
a^i>, ^**-*>, ^E^Sf^-fA. v^YA, > 

*;UA, h'J^L/y, ^ □ PX^ >^C05*>. H 



i<7>£«fflLT*,£<. C*l6S**La^t,a>l*. * 

»ttt*cftsbttL^«B-c«a>»JWfca*LrH^*z 
[0021] i«ELfc#u-f s Kaw*a>mei*-c*« 

[0 0 2 2] *fc % K-»*ttia)SJ£(Dffl¥t LTv-T 
Vv7t- »ELfcIJI#'J-f 5 

So 

[0 0 2 3] **0JlCfcLNT. ^-^7k^<h^<Dj5J£:CD 

«*I4. i5iS« : e;u-efflL*4a)3&<»*Li^. 
-^oigpja*<i o^e;u%. ^iz»^l<I4 5^e;u%^ 

[0 0 2 4] ±IS7KU^U-r 5 K (B) £>Jlf*#J£ LT 
l*N. N ' - (4. 4' -V^XXJU;** » t^7b 

-tsk* n . n' - (4, 4' -s?7nmy) e 

XVL/-T H h\ N. N ' -p-^xzb>t*X7b^ = 
h\ N. N ' -m-^I-L/>eX7L-f = h\ N , 
N' -2, 4 — MJ U>t*X7L/>r £ h\ N, N' - 
2, 6- hU l/>eX7b^ = h\ N , N ' -X^L>> 
t*X7l/^= h\ N , N' - [4, 4' - [2, 2' - 
ex (4, 4' -7xy+y7XZjl,) -fVT'Pf'Jf 
>] ] t*X7K= h\ N , N ' - [4, 4' - [2. 
2' -ex (4. 4' -7xy+v7XZ i ll / ) ^^^7 

^tp^fv^peuf» ) exvL"f5h\ n , n ' 

-^li-yf U>t*X7U'<= h\ N , N ' - [4, 

4' -ex o, 5-yVf^7x^) ex 

7l/-f = h\ N. N ' - [4, 4' -ex (3, 5 - V 
x^;U3?x-;u) > £ >] t*X7U-f 5 h\ N. N' — 
[4, 4' - (3->fJl/-5-lWl-Jl/) p<£ 

exvu-r= h\ n, n ' - C4, 4' -ex 

(3. 5-v<V^Pt^7XZJb) P^V] eX^U 
-<5 h\ TIElbl 1— fb1 6-C*b*;fc«fc$tt*<fc 

y. *-rxi*z:aiu±a^Lr«ffl*4i*. 
[ft i i ] 
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[0 0 2 5] #'J-f 5 K (A) i#'j7U^5K (B) 

-f5K (B) t#"J-fSK (A) 1 O omaaWcfcfLT 
5- 1 8 0SSSff-Cjm>4(&rt<#£Ll^o /"K'J^U-rs 
K (B) A^tt-r**i:«<b*<+»-C«:<, &?&*>t 

-f 5 K (B) liTKU-f 3 K (A) lOOmmgPlC^LT 
[0 0 2 6] *5&mztel+Z>m%mmtol*. 2 7 5°Ccfc 

y«i^a (£ biri*. 2 3 o°c«feyffii^ajt) 

L Tffi*vt= HKttV tt-TfSMm ft Z £ #*T* £ ft e 
— K t Kp^- h\ ^<>vV;u/^ 

-t^rV h\ 2, 5-v^>^;U-2, 5-^(t-^ 
t -^JU^ = pf^rv h\ or, or' - b:X ( t - 

*>JUS£Ha#}#]li, sHU-fSK (A) SI/tKU-7U-<5 
K (B) (DttSlZfcfrLTO. 1-1 OS»%flH^ft<£>;t>< 

[0027] *m*M\zt$iiz>mmtiLmt. #u-f5K 

(A)WJ7l/^K (B) St>lz. e&KirjClsr^^ 
;u*;uA7£h\ N-y ^;uen 'J K>^(D|^^P K> 



[0 0 2 8] *«KlZfe(+4«8Bttja«Bf3tt. fcfX^x 

*v»ii. ex 7 1 y a y /p7 7 ^ ix/f +y«i 
«<Dy#7?9£x#4r»>Wtt. £«7";ni— ;u^xtK 
■«ax7K**>«B«:ifa)xiK*^»M. v 
V7>v75h\ ?l7i;Hk T5>S* tt*7k«B 
»©X7K*S'ttB©flMbau H»7^>, -f ;t> 

[0 0 2 9] *»WlCfclt4«Bi«fiKttr*. #?xtt. 
XT-:/UXtt»lz8Mi f ttiftflL ftl»BHb**TWb^ 
-r^uAfrsz^^-e^So ^eo:7*;uAiitMt:7-f ;u 

A. BJfffiffltDK— JUA^fC^/STfcfto 

[0 0 3 0] *««i::£itfttttttt]£tti* % ctiSftS 

^jiatticm^. *wb-cfc« y^jv j+vtmrnm oa 

fttf. 7;i/5-^ft^ifi, 5 k^y;ua 
3l<D^Mfg£5§ y ^;b1±Ti£Jl5I y ft fc 
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[003 1] 7-Xtt<7)*^BJ|cfc{t^^Bg*afiE^(i. 

[0 0 3 2] ±iaa>^-f;bA«»»«iai;^ij >ru^a) 

5 K<D«JlU:«fcoT»££. SftttTK'J 5 KOOS 

[0 0 3 3] *^B^|zfclt^)^Bg$fii$^li. » 

[0 0 3 4] 
[0 0 3 5] 

jUth «;tfx*A*« tt<b*;ue/^A»* 

<I*_/c40P?^X=i[Z4, 4' -V75/-3, 
3' , 5, 5' -f h7^V^P t°^V^x^;U> £ > 
(IPDDM) O. 55g(1. 5 = 'J ^EJU). fcfX [4 
- (3-75-/7i/+y) ^x-JU) X;U7fx> (m- 
APPS) 3. 67g (8. 5 Xt/N, N- 

v^f^bA75K (DMF) 2 9. 8 g 3r Atl. J§ 

3' . 4, 4' -*>VZ>jlS >^b^t>)U7£l'M=m 
7k4$5 (BTD A) 3. 2 2 g (1 O. OS 'J^JU) £(J? 
L-3-3jn*.f=»* 5%£tt*ftl*J:3fc*a]Lttftt& 1 
B*m % *L^-C. aa-C6»|HJEJ6*-tf:T#'JTS KB* 
£-j3cLfc. W&tifcTKU 7 5 KB© 7— 

2. 5 5 g2ktftf'jy>1 . 9 8 g SrflD*.. M2mT? 3 B# 

[0 0 3 6] CCDtKU-T £ K»5R*DMFIZ0. 1 g/dl 
1. O 7dl/gT?feotz 0 

[0037] ^(djK'j-y 5 K«*sa^o>*«» 

tt*«*-r«CtlcJ:-3T»*ttH»*fTofc. *a>« 
ZODtfU-f 5 Kf»3fcl£. DMF. N-^f^t°PU 
K> (NMP) . N, N-i/>fJI/7th75K (DM 



Ac) . DMF/MH>tf1/1 (fiSJt) (7);I^5§ 
[0 0 3 8] ^J$0!|2 

IPDDM(Dfli?0. 13g (3. 5 
Um-APPS0ffiffii5O. 28g (6. 5 = 'J ^ 

»&*lfc#'J-f5 K»*l*. it7C*£j£0. 78dl/g£ 
?TL. DMF. v:**+h>. tHb>^U>. DMF/h 
;H>A<1/1 (MJ±) (D«^»M»cpr»-efcofc 0 
[0 0 3 9] £-J$«3 (ifcttfl!) 

I PDDMO. 55gtm-APPS3. 6 7 g £ ffiJB 

ftftfeU ICm— A P P S 4. 32g (10. 
;U) Mfflti^tHWIiSfiWII KBCOKU-f 5 K 

I*. DMF. DMF/h;H>^1/1 (Mi±) COS 
[0 0 4O] £-j£0i]4 (UdftM) 

IPDDMO. 55gtm-APPS3. 6 7gSffiffl 
^Sftt>UlC I P DDM3. 66g (10. OS'J^E 

X. »6*Lfc#'J-fSKft*lt iMTtftSJgO. 48dl/ 
gSSL, DMF. NMP. DMAc. v^-^rit>. tt 

1/1 (Sfitt) a>a**aizRT*'cfcofc. 

[004 1] ^J?E045 (ikttfl) 

am auetf. s«#x»a«. 

DraTLfz 4 OP77Xa(Im-A PPS2. 1 6g(5.05 
U^Wt** HU-f U>v75>0. 6 1 g (5.05 'J 
^WMDMF2 4. 0 g £A*U &MLtz 0 
?WTBTDA3. 22 g (10. 0 5 U ^E;U) £ '> L*0*O 

J6*#T*UT5 KB**J»Lfc. *&*ifc#U7.5 K 
^C0^-X(Z^7KP^2. 5 5 g »tftfU^>1.98 

g £Ao*.. S^3B#HJKJS$1*T7KU Y £ KS*J* 

«»BS#B. »*. WiLT#U-f S K»*t»fc. 
[0 0 4 2] ^#'J-f5 K»**»L^r**fl|1 IC* 

X. »6tife#«J-f5 KCKfcl*. il^ttJgo. 7 2dl/ 
g^L, DMF(rlipI-§-efcofc*<. DMF/hJl/X 
>*<l/l (fiStfc) 0)iEft»Jllc^F»-c*-pfc o 

[ o o 4 3 ] ^mm 1 

«tffl 1 ■C»6*lfe#'J-f S K»* 1 0 0 g t N, N' 
- (4. 4' -V7i-J^ ^ » t*77W5K (B 
MI) 5 0 g ?DM F 2 0 0 g t K;UX>2 0 0 g <D;g 
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mmm&ty c7-x) £*§fc 0 c(D»»tti**s#5* 

ttutlcsBBU lOO°CtlO»KSLfc^ 5I#*W 
1=1 5o fl CT3o»iBiinjBrt-sztiz € fcorfl<tt«iL 

*SHttH[* 2 5 junru ttfbA 1 4 3°CT?fcy % 180g 

a>ft*iz»y*ifr*ii*tr«*tfcRrfc3tt*«Lfc. 

[0 0 4 4] Z®7 4'JI'Attl£*jH£2 0 0°C-C1 KM 

tag* LtWb*tfc ^15, S bhfcS^^-f juAtttf 

7XSg*2 3 0 0 C-e$)of:o Z<7)«jb^ -f JUA 

MHt**U>lc*»-C3 0#H»lLfc^ 
IbttftA'ofe. 

[0 0 4 5] ±B7-f /l/AttSHMH* 2»©3 5 // ml 
ttSffllb^SCDRgiZ 2 O 0°C. 3 OKg/cn^ 

J^lliSt 1 . 4Kgf/cm. 2 0 0°CHfflmT* 1 . 2Kgf 
/cm (L^ttO>»*t. ?iayj|fi5 0mm/»'ellS 
Lfc£#) T!fcofc. C0>£ffi£3 0 0°C(£>¥BB 

[0046] ggjfcffl 2 

BMIflDftyiZN, N ' - [4, 4' - [2. 2' - fcf 
X [ (4, 4' -7xy^v7x-;u) -fV^Dfcf'JT 
>] ] lfX7l/-f 5 K (BBM I ) 3 0 g^^JjD-T^C 

■c-cfcy, i sojSfzSrftifrtfiitL-rnritdtticffiix 
fctco-e&ofco 

[0O4 7] Z<D7 4 )[,Aftmm$l& 2 0 0°C-C1 

2 o°c-efeo/c 0 
[oo4 8] _tlH7-f;i/A«»»*l*ffl^r*lfi«i i= 

0)9 OftfflgSI#f±tfLSSl*. laSlSvfO. 8 Kg 
f/cnu 2 0 0 o C#Hm-C?0. 7Kgf/cm UvTftO)** 
3l»ya«5 0mm/»-caiSLfci:#) Trfco 

fc. ^a>»«*3 oo°ca>^Ba»ic6 o»maai 

[ 0 O 4 9 ] Xffiffl 3 

2 "C?^C>4xfc7Ky-f 5 K»*1 OOg^BMI 
30gSDMF200gih ;UX > 2 O O g 

^^s;u/<— **->K3g*»iiDLT«Biyi 
jS^ C7-x) *»fc D c<D»»*riMfc£iHivc. xi& 

Att**»f*«*2 5/irru (MbjSl 5 5°CT*fcy. 1 

[0050] ^<D? <( jisixtfLmmmz 2 3 o°c-e 1 mm 
u r tea, mztitzWit?* ;uAf**f 



**<b>^u>i3*a-c3o»iiiiaaLfc36<. nsaic^ 

fblifc^ofco 

[005 1] H8£0lj4 

BM I C0^fflS^5 O gfr* 1 O glZ^H-T^-^ian 
;bA«»»»Jf4JJ$ 2 5 firm *«bj&1 7 5°CT?fc 

y. 1 eom\zmmfTttoHir^timz&titz*,<D 

[0 0 5 2] C(7>^^;UAttlfS9J^2 O 0°CT? 1 B»|HI 

»»LT«ft*i*7=i:c*u «e>4xfcSMb^-r;uAf*«r 

7XgM2 0 2°C-(?fcof; 0 ZtMUb^-fJUA 

**ft^^u>icaa-c3o»iHaaLfc*^ 

[0 0 5 3] ±K:7^JUA^»ffl£2tta>3 5/imJi: 
AIMBftMSa)Nllctt»^2 3 0°C. 3 0Kg/cm2 % 

ca>*«(3!)9 0JK«JS3l#tt36<L3t*l*. S 
;^Sffim^O. 7Kgf/cm (3l»yXa5 Omm/^a 

BB»i=6 0iMiia»Lrti&<*i, Mittic^o 

fee 

[0 0 5 4] Jtttfll 
^)*«4-e»6*Lfc7Ky-f 5 OOgtBM I 

3Og$DMF2O0g<!: K;UX>2 O 0 ga>S^»tt 

fl 1 lc*Ct7-f ;u«««lt»fc, »&*ifc:7-fJU 

Att»I»fifS25//m, tt^bjS3 2 0°CT?fcofc 0 
[0 0 5 5] ZG)^-rJUA«ft*»JS2 3 0°C-(?1 B*BJ 

UD»LrflHb$-arfc». «fc^5 t u>icsa-t?3 o»m 

AttJS»»JSi 8 0ffilc8rffliffcic:*K l>tWl*l>o 
[0 0 5 6] ±fH7^;UAJKff^S«J^2tfc(D3 5//mI 

xmmitmm<Dmi^\t£Ajx*2 3 o°c. 3 oKg/cm2 % 

1 »HO)fttt-c^ux It ? u^i>^;umJSi]iEaffifflS 

[0057] £b«0S 2 

&ja«5-e»&*Lfc/K'j-r s kwski 0 0 g t bm i 

10gSDMF400 gfC»#LT»IMfiffi«!l C7- 

fco C(D^>r;UA^^!^ih^)r* 1 5 0°CT*3 o 
»IB. 1 8 0°C3 0»fB3bD»-T*Ci:lC«fc-3Tft<tt«l 

Sttftfti* *ftfi#2 3 0lCt*y, 1 8 0 soft SIC 
8f y tt If T ±m*l?&*Ltz pJ t5!4^Lfc 6 
[0 O 5 8] ±E3MJUAtt»»»J£2ttO>3 5 /i m« 



(10) 



tfUfl^PS- 1 7 9 14 1 



ftM&itmS&OmiZltZ AjX' 3 OKg/cm2 x 2 O 0°C. 

±t5.m&Bmm.mzi>o = ;u/<— ^-jf-> K3 g$-jt^Lr 

&<0 3 5 )UmJlK-affl<b^5iroP^lcli^A,T?3 O Kg/cm 
2. 2 0 0"C. 1 B#B3(7)&^-C^UXLfcA^S-p^'S 



(72)fgBJ# J** 



[0 0 5 9] 



